INTRODUCTION
Various aspects of the fire safety design of a building, such as the evacuation safety, make it important to understand the burning behavior of flammable materials in the early stages of a fire. Many experimental researches have been conducted, and considerable data concerning the burning behavior of various flammables has been accumulated, especially with respect to the heat release rate. [1] However, it is still unknown how the time history of the heat release rate changes depending on the material and its shape.
Therefore, a burning experiment was conducted by using polyurethane mattresses with different dimensions and densities. From the HRR histories, the fire growth rate and maximum HRR were obtained, and the relation between the dimension, the density of the specimen and the fire growth rate, maximum HRR was related.
EXPERIMENTAL SUMMARY

Test objects
The long-side length of the test object used in this experiment was fixed at approximately 900 mm, the thickness was changed from 40 mm to 420 mm, and the short-side length was also changed from 200 mm to 650 mm. 
EXPERIMENTAL RESULTS AND DISCUSSION
The data relating to the heat release rate of each object and the time history of each burned part are as reported in the previous report. [2] The heat release rate curve can be expressed with variables such as the fire growth rate  and the maximum heat release rate Q max . Therefore, understanding the correlation between α, Q max and the object's dimension and density is the main focus of this report.
Fire growth rate
The heat release rate in the early stages of a fire has been empirically derived, and has been found to be proportional to the square of the time, based on the fire growth rate α [3] . Therefore, upon obtaining the time coordinates corresponding to the heat release rate reaching 10% and 90% of its maximum Q max , the flame growth rate  was calculated by substituting these coordinates into Equation 1.
(1) Figure 1 shows the fire growth rates α calculated from each experiment. According
to Figure 1 , although the fire growth rate varies slightly, it generally decreases as the density of the test object increases, except for three cases where the short-side length is short. When the density of the object becomes greater, the quantity of heat
C p ρ(T ig -T s ) required to raise the temperature of the object to the ignition temperature
Influence of Combustible Dimension and Density on Heat Release Rate 487 also increases. Therefore, it is presumed that the fire growth rate becomes lower due to the time spent during the melting phase. This tendency was also confirmed through an experiment using a wood crib. [4] In Experiments 2, 5 and 6, where the short-side length is short, the fire growth rate becomes as low as only 1/10 of that for the experiments where the longer short-side is longer. This is attributed to the non-concentric spread of the burning area on the surface, which quickly reaches the long side of the upper surface in the case of the short short-side test object. When the burning area reaches the long side of the upper face, it expands downward along the lateral side, which determines the small climb gradient of the heat release rate.
Figure 1 Relation between fire growth rate and density
The fire growth rate α can be calculated as follows. By assuming that the burning area is spreading concentrically on the surface of the object, the heat release rate can be given as Equation 2, which is essentially the product of the heat release rate per unit area and the burning area.
Here, v p is the spreading rate (m/s) of the melted area, and q 0 is the heat release rate per unit area (kW/m 2 ). The fire growth rate is the first term of the right side of Equaton 2.
On the other hand, the spreading rate v p of the burning area can be theoretically derived 
Here, v a is the opposed flow rate (m/s), k is the thermal conductivity coefficient (kW/m•K), is the density (kg/m 3 ), c is the specific heat (kJ/kg•K), T ig is the ignition temperature (K), T f is the flame temperature (K), T 0 is the initial temperature (K) and the subscript g indicates the gas. The fire growth rate can be derived from Equations 2 and 3:
Based on that, it is presumed that the fire growth rate is inversely proportional to the square of the object's density. Hence, by calculating the mean value from the product of the square values of the fire growth rate and the object's density as obtained from the six experiments without short-side length test objects (Experiments 2, 5 and 6), the relational expression (Equation 5) can be written as:
By plotting the relation of Equation 5 to Figure 1 , it can be confirmed that the fire growth rate is inversely proportional to the square value of the density.
Maximum heat release rate
The burned area at the time when the heat release rate reached its maximum in each experiment can be obtained from the video tape recording. According to the recorded images, when the object is thinner, the edge of the burning area reaches the short side of the upper surface and the bottom of the lateral side. On the other hand, when the object is thicker, both the top surface and the lateral side are entirely engulfed in flames. Given this factor, since the burning became planar in the cases where the object was thinner (H=0.04 and 0.06), the burned surface area corresponding to the time of maximum heat release rate was calculated as viewed from above. In the cases where the object was thicker (H=0.18, 0.2 and 0.42), the burned area spread sterically, and therefore the area, when it could be confirmed from the recorded images, was calculated as the burned area that is the total steric surface area as illustrated in Figure 2 . 
CONCLUSION
The burning experiment was conducted with 9 polyurethane mattresses, and the results confirmed the relation between the variables which describe the heat release curve, the dimension and the density of the objects. It is presumable that the fire growth rate is inversely proportional to the square value of the object's density, and the same tendency was confirmed by the experimental data. The maximum heat release rate can be calculated as the product of the maximum burned area and the average heat release rate until it reaches 90% of the total heat release, as obtained from the experiment with the cone calorimeter.
